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INSTRUMENT SUITE

Burst Alert Telescope (BAT): 
15-350 keV, 1.4 sr field-of-
view, ~ 3’ resolution!

X-ray Telescope (XRT): 0.2-10 
keV, 24’ x 24’ field-of-view, ~ 
3” resolution!

Ultra-Violet Optical Telescope 
(UVOT): 170-650 nm, 17’ x 17’ 
field-of-view, ~ 0.5” 
resolution



BAT “OPTICS”

D-shaped coded-aperture mask with ~ 54,000 5x5x1 mm 
Pb tiles in pseudo-random pattern (< 150 keV) 



XRT OVERVIEW

Optics spare from JET-X mission (planned for initial 
launch of Spectrum X-Gamma (e.g., eROSITA)).  

Detectors spare from XMM-Newton (EPIC).

Burrows et al., SSR, 2005



XRT READOUT MODES

Photon Counting (PC): Full 2D image, but “pile-up” at >~ 1 ct s-1!

Window timing (WT): 1D image, less pile-up for bright sources!

Auto: Switch between WT and PC based on count rate



UVOT OVERVIEW

Roming et al., SSR, 2005



UVOT FILTERS

Roming et al., SSR, 2005



PRIMARY SCIENCE 
DRIVER: GRBs

Discovery (BAT) and rapid follow-up (XRT, UVOT) of 
gamma-ray bursts and their afterglows

GRB090423 @ z ~ 8.2 First short-hard afterglows and hosts

Tanvir et al., 2009

GRB090423 @ z ~ 8.2 

Fong et al., 2013



“SECONDARY” SCIENCE: 
TIME-DOMAIN FACILITY

Supernovae, X-ray binaries, 
novae, AGN, ULXs, etc. 
originally considered 
ancillary, now dominate 
observing time!

Observatory receives average 
~ 3 ToO requests per day 
(very high acceptance rate)!

All data promptly available 
(hours of taken) and public



IPTF+SWIFT

Swift  follow-up to-date generally focused on young SN 
(shock breakout, CSM density) and exotic transients

PTF10gva: T ≈ 22000 K 

GRB090423 @ z ~ 8.2 

Singer et al., 2013
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SWIFT GI PROGRAM
Swift Cycle 12: Estimated 
$1.2M awarded, typical grant 
size $40k!

Target-of-Opportunity 
observations (on all time 
scales) as well as non-time 
critical targets!

All data immediately public, 
regardless if awarded through GI 
program!

Due September 25, 2015



SWIFT ToO WEBPAGE

https://www.swift.psu.edu/too.html

https://www.swift.psu.edu/too.html


SWIFT ToO WEBPAGE

Only trigger “highest” priority observations in truly 
exceptional circumstances (high will usually suffice)!

Swift daily planning meetings happen at 09:00 
Eastern time (schedule confirmed for next day)!

Typical requests (per observation) are ~ few ks (up to 
10 ks rarely)!

UVOT filter code “0x223f”: 6 filters, weighted to UV 
bands (V:B:U:W1:M2:W2 = 1:1:1:3:8:5)



DAILY PLAN (PPST/AFST)

http://www.swift.psu.edu/operations/obsSchedule.php

https://www.swift.psu.edu/too.html


RETRIEVING DATA

Archive: http://heasarc.gsfc.nasa.gov/cgi-bin/W3Browse/swift.pl!
Quick-look: http://swift.gsfc.nasa.gov/cgi-bin/sdc/ql?!

http://heasarc.gsfc.nasa.gov/cgi-bin/W3Browse/swift.pl
https://www.swift.psu.edu/too.html


QUICKLOOK PAGE

Target ID Sequence ID



QUICKLOOK UVOT

Housekeeping data.  Safely ignored.

sw00032850003ubb_ex.img!
!

bb, m2, etc. = Filter code!
ex = Exposure map!

sk = Sky image (WCS)!
rw = Raw image (no WCS)!

!
Grab all sky images (exposure maps if 

you will be coadding different sequences)

High-level products optional !
(I never use them)



QUICKLOOK XRT

sw00032850003xpcw3po_cl.evt - “pc” = operating mode, “w3” = window 
code, “po” = pointed observation, “cl” = level 2 (cleaned) event file

Download all Level 2 event files 



DOWNLOADED DATA

6 multi-extension FITS files from UVOT (one per filter)!

2 cleaned event files from XRT



UVOT MEFS

Each MEF has 3 separate exposures.  
Want to combine these into a single frame 

(to increase SNR).



UVOTIMSUM



GENERATE REGION FILES

src.reg: 
fk5;circle(14:14:52.11,+36:47:28.6,3")

back.reg: 
fk5;circle(14:14:46.58,+36:48:23.3,15")

5” is the standard UVOT 
aperture (i.e., what the 

photometric system is defined 
for).  3” generally works 
better for faint sources or 
those in high background 

regions.  We will correct for 
this shortly.



UVOTSOURCE

Under the hood, uvotsource does:!

Add counts in source region!

Subtract counts from 
background region!

Correct for coincidence loss!

Correct for different aperture 
(bright stars)!

Apply flight-determined 
calibrations to convert counts 
to magnitude, flux, etc.



UVOT NOTES

Beware trailed images, bad astrometry, etc.!

If you want photometry for all individual exposures, 
try uvotmaghist!

For background subtraction, perform exactly the same 
commands on your reference image, then subtract 
coincidence-corrected count rates (and convert those to 
magnitudes manually)



XRT REDUCTION



XRT REDUCTION



XRT SOURCE DETECTION 



XRT BETTER LIMITS



XRT BETTER LIMITS



AN ACTUAL DETECTION



AN ACTUAL DETECTION



FLUX CONVERSION

http://heasarc.nasa.gov/Tools/w3pimms.html

http://heasarc.gsfc.nasa.gov/cgi-bin/W3Browse/swift.pl


AUTOMATED XRT ANALYSIS

http://www.swift.ac.uk/user_objects

http://heasarc.gsfc.nasa.gov/cgi-bin/W3Browse/swift.pl


AUTOMATED XRT ANALYSIS

Only applicable when source detected (i.e., don’t use for 
upper limit measurements).

0 106 2×106 3×106
0

0.1

0.2

0.3

C
ou

nt
 R

at
e 

(0
.3
−1

0 
ke

V)
 (s

−1
)

Time since 394505438.6 (s)

blue: WT − red: PC
Swift/XRT data of GRB 130702A


